A 75-kDa polypeptide, located primarily at the plasma membrane of carrot cell-suspension cultures, is photoaffinity labeled by the calcium channel blocker LU 49888 (signal perception/signal transduction/second messenger/photolabeling/subcellular localization) PATRICE THULEAU, ANNICK GRAZIANA, HERV1 CANUT, AND RAOUL RANJEVA* Centre de Physiologie Vdgdtale, Universitd Paul Sabatier, Centre National de la Recherche Scientifique, URA n"241, 118 route de Narbonne, F-31062 Toulouse Cddex, France Communicated by Winslow R. Briggs, September 4, 1990 ABSTRACT Calcium channel blockers of the phenylalkylamine family bind specifically to membranes and inhibit calcium uptake in carrot protoplasts. LU 49888, an azido derivative of phenylalkylamine, behaves as its unmodified homolog in terms of affinity and specificity and therefore allows us to probe the receptor by photoaffinity labeling. Upon UV irradiation, a 75-kDa peptide was specifically labeled. Incubation of microsomes with 3-[(3-cholamidopropyl)dimethylammonioJ-lpropanesulfonate, a zwitterionic detergent, led to the solubilization of the LU 49888-binding protein. Electrophoretic analysis under denaturing conditions and gel filtration of the solubilized "receptor-ligand" complex show a 75-kDa peptide
mainly located at the plasma membrane. Consequently the LU 49888-binding protein in plants differs significantly from its animal counterpart by its size and may be a primary target for external signal molecules.
Pharmacologically active drugs, referred to as calcium channel agonists or antagonists, may control various physiological processes in plants. Biochemical evidence has been obtained concerning the ability of membranes derived from plant cells to specifically bind calcium channel blockers (1) (2) (3) (4) (5) (6) . Moreover, it has been shown (i) that the site occupancy of the receptor by the ligands results in the inhibition of calcium uptake in carrot protoplasts (1) and (ii) that the receptor of calcium channel blockers may be a primary target of some phytotoxins (2) . Together, these data suggest that functional calcium channels occur in plants, but little is known of their structure.
A membrane-bound protein retaining the ability to bind verapamil derivatives has been solubilized from maize coleoptile membranes (3) . However, the verapamil-binding protein has not been clearly identified. The development of photoaffinity probes has allowed considerable progress in the field of receptor and carrier isolation. Auxin-binding proteins, putative auxin carriers, and receptors have been covalently labeled with azido auxin derivatives (7, 8) . In animal systems, photoafflinity labeling has led not only to the molecular analysis of a number of hormone receptors but also to the isolation of calcium channel components (9) (10) (11) (12) (13) . Such a strategy has been chosen to probe the receptor of the calcium channel antagonist in membranes from carrot cell-suspension cultures and detergent-solubilized proteins.
Since phenylalkylamine derivatives have been shown to be the best ligands for carrot membranes and protoplasts (1, 2), we have used LU 49888 ( Fig. 1) as a photoaffinity probe.
Here, we report on the specific labeling of a 75-kDa peptide that is primarily located at the plasma membrane and retains its ability to bind calcium channel antagonists upon solubilization.
MATERIALS AND METHODS
Plant Material, Membrane Preparation, and Storage. Details on the carrot cell-suspension cultures (Daucus carota L.) have been extensively described (1) . Microsomes were prepared according to a published procedure (1, 2) and were either used fresh or stored at -80'C.
Solubilization of Membrane-Bound Proteins. Microsomes (5 mg of protein per ml) were diluted 2-fold with 20 mM Tris HCl, pH 7.5, 2% 3-[(3-cholamidopropyl)dimethylammonio]-1-propane sulfonate (CHAPS), and 10% (vol/vol) glycerol and stirred for 30 min at 0°C. When indicated, 0.1 mM phenylmethylsulfonyl fluoride, 0.1 mM Na-(p-tosyl)lysine chloromethyl ketone, antipain (1 ,tg/ml), leupeptin (1 ,g/ ml), and pepstatin (1 ,ug/ml) were added.
Binding Experiments and Photoactivation. The routine binding assay described by Graziana et al. (1) was used except that the incubations were performed at 0-4°C in the dark. LU 49888 was irreversibly bound by photoactivation with a UV lamp (T UV 30 W; Philips; 254 nm) from a distance of 10 cm at -196°C for 1 min. The irradiance was approximately 1 mW/cm2 at the sample level. When solubilized proteins were used as a source of binding proteins, 100 ,g of protein was incubated in 1 ml of 20 mM Tris HCl at pH 7.5 containing 1% CHAPS, 5% glycerol, and (-)-[3H]LU 49888 and was irradiated.
Free-Flow Electrophoresis. The photolabeled microsomes were centrifuged for 30 min at 45,000 x g, and the pellet was resuspended in running buffer (30 mM Tris and 10 mM boric acid at pH 8.3) containing 0.3 M sorbitol, 0.5 mM MgCI2, and 5 mM KCl. The microsomes were washed and resuspended in running buffer. Unlabeled microsomes were added to a final concentration of 2 mg of protein per ml. The membranes were separated by free-flow electrophoresis at 4°C with a Vap-22 electrophoresis unit (Bender and Hobein, Munich) using 100 mM Tris and 100 mM boric acid at pH 8.3 as the electrode buffer. The running conditions were as follows: current, 110 mA (about 1200 V); buffer flow, 3 ml per hr per fraction; sample injection rate, 2 ml per hr. The separated fractions were collected by centrifugation, and marker enzyme activities were determined (14 tricon 10 (Amicon), and proteins were analyzed by NaDodSO4/PAGE (12.5% acrylamide) (15) . After electrophoresis, gels were prepared for fluorography (16) and exposed at -80'C to Hyperfilm MP (Amersham) for 3-5 weeks. Solubilized binding proteins were photolabeled and concentrated as described above. The samples were suspended in running buffer and analyzed by fast protein liquid chromatography by size exclusion on a calibrated Superose 6 column (Pharmacia). The column was equilibrated with 20 mM Tris-HCl at pH 7.5 containing 0.2% CHAPS and 5% glycerol, and the chromatography was performed at 80C. Fractions were collected, and the radioactivity was determined.
Protein Measurements. Proteins were measured by the bicinchoninic acid assay (17 In the dark (no UV light), the kinetic parameters of the binding of LU 49888 and its unmodified homolog are comparable ( Fig. 2 a-c) . The Bmax values were practically the same (48 and 50 pmol/mg of protein), whereas the Kd for LU 49888 was lower than that for D888 (14 nM and 57.9 nM, respectively) (Fig. 2c) . Moreover, the order of potency of the competitors was identical to that already described (1). The (-) stereoisomers were the most effective (Fig. 2d ).
In the dark, LU 49888 binding to membranes was inhibited (time 0) or reversed (120 min) when the unlabeled competitor was added (Fig. 3) . Irradiation with UV light at -196°C led to the irreversible binding of LU 49888, which was inhibited by incubation with (-)-bepridil (Fig. 3a) . The incorporation of LU 49888 was maximal after 1 min of irradiation and remained stable after 2 further min of photoactivation (data not shown). Addition of the unlabeled competitor after irradiation had no effect on the binding (Fig. 3b) . Therefore, the ligand was covalently bound to the membranes. In routine experiments, 15-20% of the photolabeled probe was incorporated in the membrane fraction. However, after photoactivation, the nonspecific binding component reached 55% of the total binding instead of 10% (no UV control) (Fig. 3) . (Fig. 5) , the radiolabel was associated with a 75-kDa molecule. UV irra- the LU 49888-binding protein is a 75-kDa polypeptide that may be labeled either when located in membranes or after solubilization.
The Calcium Channel Blocker-Binding Protein Is Located Primarily at the Plasma Membrane. Microsomes photolabeled in the presence or absence of competitor were resolved by free-flow electrophoresis, and the nonspecific components were subtracted. Radioactivity corresponding to specific binding is shown in Fig. 6a . Seventy-three percent of the radioactivity was recovered in fraction E, and the remaining radioactivity was associated with fraction A. The distribution of marker enzymes among the different fractions (Table 2) indicates that the most active membrane is the plasma membrane (fraction E, based on glucan synthase II activity) followed by the tonoplast (fraction A, rich in pyrophosphatase). In both cases, a 75-kDa polypeptide was labeled (Fig. 6b) from mice with muscular dysgeny is restored upon microinjection of an expression plasmid carrying the cDNA of the a, subunit (21) . Consequently the a, subunit displays essentially all the properties ofthe channel such as binding ofthe channel blockers, ion conduction, and voltage sensing (21) . The three other subunits are supposedly implicated in regulatory functions not yet elucidated (12) .
In plants, the only molecular data on the "receptor" of calcium channel blockers have been obtained by Harvey et al. (3) in maize. The final purification step gave four stained bands corresponding to a 169-kDa, a 100-kDa, a 70-kDa, and a 66-kDa polypeptide. The 169-kDa and the 70-kDa polypeptides were'enriched in the purified sample. Although it has not been demonstrated which of these bands is actually involved in the verapamil binding, Harvey et al. (3) suggest that the 169-kDa peptide might be the binding protein due to the similarity in the size with the al subunit of the receptor in animal systems. However, various data have already suggested that plant systems may significantly differ from their animal counterpart. Thus, phenylalkylamines are the most efficient ligands for higher plants (1, 3, 6) , whereas compounds of the dihydropyridine or diltiazem series are biologically active in mosses (4) and algae (5) . In addition, monoclonal and polyclonal antibodies raised against the al subunit from skeletal muscle do not cross-react with plant membrane proteins (1, 3) .
Photoaffinity labeling has allowed us to address directly the questions ofthe molecular size ofthe LU 49888-binding protein and its subcellular localization. Binding was effective on membranes and detergent-solubilized proteins, resulting in the specific and photodependent labeling by short-lived nitrene intermediates of a 75-kDa polypeptide located primarily at the plasma membrane. A 75-kDa peptide has also been reported to occur as a proteolytic fragment ofthe native protein from frozen skeletal muscle (19) . Such a situation may occur in plant systems; however, (i) photolabeling of fresh microsomes prepared and processed in the presence of several protease inhibitors and (ii) UV irradiation of CHAPS-solubilized -proteins before photoaffinity labeling do not change the molecular size of the binding protein. In contrast, pretreatment of membranes or solubilized proteins with trypsin led to the loss in LU 49888-binding capacity (data not shown). Therefore, the 75-kDa peptide is not a photolytic product of a bigger protein or a proteolytic fragment generated by nonspecific proteases. From our data, we conclude that the LU 49888-binding protein from carrot membrane differs from the animal counterpart by its specificity for phenylalkylamine derivatives, its immunological properties, and its molecular size. At present, it cannot be determined if the 75-kDa peptide from carrot shares any homology with either the 169-kDa or the 70-kDa peptide from maize, since none ofthese polypeptides has been shown to bind verapamil.
Of particular interest is the finding that (i) the best competitors for LU 49888-binding sites are also the best inhibitors ofcalcium uptake by carrot protoplasts (1) and (ii) the binding protein is primarily located at the plasma membrane, suggesting that it is a potential target for external signals (2, 3, 6) .
